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(54) Title: ELECTRONIC VEHICLE LOG 

(57) Abstract 

A method and apparatus for maintaining an electronic 
vehicle log (1) involves the formation of protected data 
packets (41 1) which are electronically signed by certified 
users. The electronic vehicle log (1) preferably comprises 
a secure non -volatile memory (2) that may be removed 
from the vehicle (200). Preferably the apparatus, referred 
to herein as a date processing interface unit (DPIU) (1), has 
access to date and real time of day and location data so that 
the protected data packets (411) further include, besides 
data to be protected, the date and time of day and the 
location of the vehicle (200) for comparison with expected 
data as further protection against fraudulent or forged data 
entry. Preferably, on -board sensors (6) collect in-transit 
monitoring and cargo monitoring data for access by various 
certified users. Event data such as governmental inspection 
or border crossing data may be entered into the log by 
governmental authorities. 
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EVL INCLUDES: 

• PROCESSOR 

• NON-VOLATILE MEMORY (NVM), STORING: 

- SECRET KEY 

- UNIT SERIAL NUMBER 

- EXECUTABLE SOFTWARE 

• RANDOM ACCESS MEMORY (RAM) 

■ NAVIGATION SYSTEM, «.g., GLOBAL POSITIONING SYSTEM 

• REAL TIME CLOCK (RTC) 
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ELECTRONIC VEHICLE LOG 
BACKGROUND OF THE INVENTION 

1. Technical Field 

This invention relates to the field of electronic vehicle logs used particularly 
in commercial vehicles and, more particularly, to a data collection and processing 
5 system for a vehicle serving multiple users including the driver, the owner/operator 
and governmental authorities. Even more particularly, the invention is directed to 
securing access to particular data by such users via the application of evolving 
"smart" or "flash" card, public key /private key encryption and electronic signature, 
speech recognition and speaker verification and global positioning or other navigation 
10 system technologies. 

2. Description of the Related Arts 

Many vehicles, particularly those used commercially, must maintain legally 
auditable records of their usage. These records may include and not be limited to 
include data items such as license or registrations issued, insurance coverage, the 

15 routes traveled, gross and tare (cargo exclusive of container and vehicle) weight 
measured at weigh stations, driver and duration of driving, safety inspection results, 
border crossing approval, exhaust pollution measurements and the like. In addition 
to vehicle related items, additional data may be required concerning the cargo and any 
tariffs or other fees paid on that cargo. Other records may also be required or used 

20 by the driver, the owner/operator (if different), and governmental authorities or 
agencies. 

For the purposes of the present application, vehicle credential data is defined 
as data describing the vehicle, the carrier, cargo, driver, and passengers 
independently of the transit involved. Vehicle credential data may thus include the 

25 following data, the following list being exemplary of such data: vehicle registration, 
vehicle insurance, driver's license, driver's credentials, driver's safety record and 
health, cargo manifest and shipping invoice, tariff-related documentation, and 
declared itinerary or intended route data. 

In-transit data is defined for the purposes of the present application as data 

30 obtained during transit or in route (whether the vehicle is in motion or not). Such 
data may be acquired by periodically monitoring sensors on the vehicle to determine 
how the vehicle is being used. Exemplary data falling into this category of data 
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include: date and time of data collection, vehicle speed, brake usage, steering wheel 
motion, engine RPM, engine temperature, cargo container temperature, engine 
vibration and other health metrics, and vehicle location from a navigation source such 
as the so-called Global Positioning System (GPS) or equivalent data gathering system. 
5 Cargo monitoring data is defined for the purposes of this application as data 

related to either the status or security of the cargo, for example, whether the cargo 
seal has been maintained or broken. 

Next, event record data is defined for the purposes of this application as data 
recorded in transit for particular events effecting the vehicle or cargo or both. 

10 Typical events include: vehicle weight, for example, obtained during a weight-in- 
motion or stationary scale weighing, vehicle environmental, emissions or safety status 
checks, for example, determined at an inspection facility, border crossing data, either 
state or national, hazardous material (HAZMAT) warnings or transit regime changes 
(when the vehicle starts motion or has stopped). 

15 Finally, route monitoring data is defined for the purposes of the present 

application as data obtained through monitoring the vehicle in transit to compare with 
the above-defined vehicle credential data for an intended route. This data is 
preferably collected through the application of a navigation system such as GPS or 
other equivalent system as well. 

20 Typically in the past, such records, if maintained at all, have been manually 

maintained in a handwritten log or plurality of such logs, augmented by inspection 
records from various agencies or authorities and maintained by the driver. However, 
such handwritten logs are inherently subject to inadvertent inaccuracies, as well as to 
intentional fraud or forgery. In addition, such handwritten records cannot be easily 

25 transferred for inspection. 

Ebaugh et al., US Patent No. 5,303,163, describes a configurable vehicle 
monitoring system having first and second configuration levels for an owner/operator 
and a driver respectively. Besides being able to independently configure data in 
memory, each is independently able to access certain data of interest to that party 

30 alone. The data that can be gathered and analyzed includes miles per gallon, fuel 
consumed, trip time, idle time, fuel consumed and other pertinent information 
relevant to fleet or vehicle operation. For example, according to Figure 7 thereof, 
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a printout may be obtained showing these and other data. The owner/operator may 
obtain an indication of the period of time the vehicle is operated in excess of the 65 
mile per hour overspeed limit. Similarly, apparatus disclosed by Ishibashi, US Patent 
No. 5,379,219, and Komatsu, US Patent No. 5,249,127 suggest the tracking of speed 
5 over time and, per Figure 3 of the '219 patent, the allocation of memory among ID 
data, speed data, travel distance data and optional area. The '127 patent suggests 
that, memory size requirements being indeterminate and expensive, data compression 
devices be provided for assuring efficient utilization of memory. 

It has further been recognized that portability of the collected data is required. 
10 One means of achieving portability is via an external memory module (US 4,757,454, 
5, 185,700 or 5,249, 127). Also, radio or generally wireless radio communication may 
provide data mobility from one user to another (US 4,804,937, 5,185,700 or WO 
90/09645). 

The so-called global positioning system described, for example, by Taylor et 

15 aL, US Patent No. 4,445,118 and O'Neil et al. US Patent No. 4,839,656 has been 
implemented in an electronic vehicle log by Haendel et al., US Patent No. 5,359,528. 
Haendel et al. describe that a change in state boundary and a log of miles within a 
particular state may be automatically obtained without driver intervention. 

All of these systems suffer from a lack of security of access by a particular 

20 user and may be falsified if and when the provided weak security systems fail. It is 
an object therefore of the present invention to describe a system whereby multiple 
users of a system may configure or obtain access to memory of an electronic vehicle 
log. It is a further object of the present invention to provide a system wherein 
security is enhanced via adaptation of evolving technologies of speech recognition and 

25 speaker verification, public/private key data encryption and decryption, flash or smart 
card (key) access and/or electronic signature record verification and access. 
SUMMARY OF THE PRESENT INVENTION 

In accordance with the present invention, an electronic vehicle log (EVL) 
comprises a processor for processing data, a memory for storing software algorithms 

30 and fixed data, preferably non-volatile in nature, a secret key unique to the vehicle 
log, and a unit serial number that is unique to that unit (hereinafter, an EVL 
identifier), a removable non-volatile log memory for securely recording data and a 
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navigation and time-of-day and date input data circuit. In one embodiment, there may 
be further provided a microphone input for receiving user speech coupled to the 
processor (for example, via an analog to digital converter) and a memory for storing 
digitized voice samples. Optional sensors are coupled to the log for providing for the 
5 input of data for vehicle and cargo, for example, through an external interface, in 
particular, a wireless interface. For example, through one external wireless interface, 
an EVL may acquire event data such as weight-in-motion (WIM) data. Those who 
would obtain access to data or input data are provided with a public key which is 
likewise unique to the vehicle log. Moreover, any data entries are signed with an 
10 electronic signature for verifying the entered data, for example, comprising a 
calculated hash value encrypted with the secret key. 

When the vehicle is to be used, the driver inserts the removable non- volatile 
log memory for the duration of the trip. For example, a driver may obtain access 
and log into the EVL by inputing their speech, a password or a biometric after 
15 inserting their card memory. Upon successful verification of the password or 
biometric and, if appropriate, verification of the speaker's identity in a well known 
manner, the driver-unique data is used to decrypt a secret key member of a public key 
encryption pair. When data is to be logged by the driver, protected data packets 
(PDP's) containing this log data are generated with digital signatures formed by 
20 encrypting digital hash values with this secret key member of the public key pair. 

Protected data packets (PDP's) are transmitted to a requesting user via 
electronic means, for example, wireless, telephone modem or a memory card. The 
requesting user has a trusted (escrowed) copy of the public key of the above- 
referenced public key pair, the public key pair including the secret key (securely 
25 stored in and never released from EVL memory) used for forming the electronic 
signature. The secret key should be protected and secured as closely as possible and 
should not be transmitted (otherwise, it might be intercepted by an uncertified 
individual). The public key is used to verily that the electronic signature of the PDP 
is accurate. Correct verification of the electronic signature then confirms the data 
30 source (the driver-protected secret key) and the integrity of the data (since the hash 
value matches the PDP data). 

A governmental authority may obtain access by a defined process. One 
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example of such a process for obtaining an early transmission of vehicle data in 
advance of a border crossing or like event is described by the following. The agency 
wishing to receive secure data generates a public key encryption pair different from 
that used by the driver and distributes the public key portion to any person or system 
5 desiring to transmit secure data. The public key portion is stored in EVL memory. 
A profile of a commercial vehicle and a cargo may be extracted from the vehicle via 
a card memory or may be electronically extracted by wireless means prior to the 
vehicle's departure and delivered to the authority with the stored public key portion. 
The EVL generates a private encryption key and uses it to encrypt PDP's with their 
10 corresponding digital signatures. The EVL encrypts this private encryption key using 
the public key and transmits that information to the agency receiving the data. The 
receiving agency decrypts the EVL private encryption key using the secret key 
portion of the key pair and then decrypts the PDP's using the decrypted key. The 
profile and public key are transmitted via a centralized authority data base to regional 
15 data bases for distribution to checkpoints, port of entry border crossings and the like 
along the intended route of the vehicle. 

As the vehicle approaches the inspection facility, the vehicle is polled or 
interrogated, for example, preferably by wireless means in advance of reaching the 
facility, so the vehicle need not stop its movement. The vehicle transmitted profile 
20 data is compared with the previously transmitted profile data and the inspector may 
preclear the vehicle through the inspection station. If the inspection data is a weigh 
station, for example, and data is to be entered into the log by the authority, an 
electronic signature is utilized to verify the entered data, preventing subsequent 
modifications of the logged information. Moreover, at the time the entry is made, 
25 the vehicle position and time from the global positioning system may be automatically 
and simultaneously recorded, allowing detection of fraudulent entries. As the vehicle 
crosses the border, a short range communications system may be used to verify that 
the vehicle crossing the border is the vehicle which received the precleamace to 
cross. 

30 It is also possible that the vehicle may carry all the profile information in the 

EVL and transmit the data via wireless means to the authority just a few minutes 
before the approval (for example, preapproval at a border crossing) event. In this 
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case and in that described above as well, some sort of short-range transmission is 
useful as the vehicle crosses the border to physically confirm that the vehicle 
currently crossing the border is the same as the one that provided the profile and 
credentials and received preapproval to cross. 
5 An authorized individual such as an inspector or police officer creates a digital 

credential in a generating device's memory, for example, a laptop personal computer. 
A secret key of a public key pair is used to generate a digital signature for the 
credential data. The credential and signature are transmitted to the EVL using 
various means, possibly including wireless means, direct input (typing), or memory 

10 card transfer. This transfer may be encrypted as discussed above as desired, for 
wireless or other secure data transmission. The credential and signature are formed 
into a PDP and logged as described above for the driver data logging operation. 
When the credential is subsequently transmitted to a requesting agency, the agency 
will use a trusted copy of the public key portion to verify the electronic signature of 

15 the PDP. 

Other features and advantages of the present invention will be explained by 
reference to the drawings and the following detailed description of the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Figure 1 is an overview drawing of an electronic vehicle log according to the 

present invention; 

Figure 2A is a system overview drawing showing the interface between a 
vehicle 200 carrying an electronic vehicle log of Figure 1 with a governmental or 
other authority and Figure 2B shows vehicle 200 with expanded boxes describing data 
25 that may be stored in DPIU 210 including an electronic vehicle log of the present 
invention; 

Figure 3 is a schematic block diagram of the electronic vehicle log of Figure 
1 for maintenance in a vehicle; Figure 3A provides a first embodiment, Figure 3B 
provides a second embodiment and Figure 3C provides a third embodiment; 
30 Figure 4 A provides an overview of the key and security features of the present 

invention in flow diagram form and Figure 4B shows a table showing the use of 
different public key pairs by different entities for accessing the data stored in the EVL 
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400 of Figure 4A; 

Figure 5A provides a table of examples of data maintained' in an in-vehicle 
data base of memory of the in-vehicle unit of Figure 4; Figure 5B comprises a table 
showing data elements and characteristics recoverable through utilization of the 
5 present invention and their characteristics; and 

Figures 6 A and 6B provide a table showing service, application, technology 
or product availability, demonstrable feature and utilization of the present invention. 
DETAILED DESCRIPTION OF THE PRESENT INVENTION 

Referring to Figure 1 , there is shown an overview drawing of the electronic 

10 vehicle log of the present invention. The present device is intended to be placed in 
a vehicle, hence, the present invention is described herein as an in-vehicle data 
processing unit. The log is described herein as electronic because it generally 
operates via electronic circuits including at least memory circuits and a data 
processor. The present invention is characterized as a log because the memory of the 

15 present invention substitutes for prior art hand-written log books typically used by 
drivers of vehicles, especially commercial vehicles. 

The electronic vehicle log (EVL) 1 is described by box la as comprising a 
package of elements suitably housed to be mounted in a vehicle, for example, in an 
operator compartment or secure area therein or proximate thereto. One mounting 

20 arrangement would be to provide a bracket mounting plate permanently secured to the 
vehicle. The EVL housing, herein referred to as a data processing interface unit 
(DPIU) then is removably secured thereto by mechanical locking apparatus so that the 
DPIU may be removed from the vehicle as necessary. The mechanical locking 
apparatus should be tamper-resistant so that the EVL itself cannot be surreptitiously 

25 moved from one vehicle to another without detection. (To accomplish this objective, 
electronic tamper detection may be employed). Preferably, the DPIU housing is 
adapted to receive a removable security module as will be further described herein 
which is the electronic vehicle log itself. 

The EVL housing 1 (DPIU) contains a processor, preferably a microprocessor 

30 and a non-volatile memory coupled thereto for storing at least secret key data, secret 
EVL unit serial number data and executable software. The EVL 1 further may 
comprise a random access memory that typically is volatile for storing data on a 
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temporary basis and a real time clock (typically a software algorithm that is 
preferably periodically updated). Most processors require a clock oscillator output 
that is controlled for providing processor operation clocking functions. This clock 
can provide a clocking input to a real time clock algorithm as is well known in the 
5 art. However, for greater security, an independent clock source may be used or an 
internal isolated hardware clock circuit (not shown). A navigation system such as the 
Global Positioning System (GPS) or Loran or other system can provide the 
independent clock source or periodic indications as to true time for synchronizing a 
local real time clock as is likewise known in the art. Of course, another important 

10 function of GPS or other known equivalent systems is the provision of periodic 
location data in the form of earth latitude and longitude data and even altitude data 
that may be compared with a map or intended route and thus provide specific data as 
to real time of day and route location. A further description of preferred 
embodiments of EVL 1 will be provided in connection with applicant's description 

15 of Figure 3. 

EVL housing 1 has insertable therein a removable non-volatile memory 
module 2 described by box 2a which becomes the log in place of known paper logs 
or other known electronic logs. In accordance with the present invention, the log 
memory 2 stores secured or protected data packets output from the EVL included 

20 processor as will be further described in connection with Figure 4. 

The EVL 1, according to the present invention, may communicate with 
governmental authorities via radio 3, according to box 3a which may be optional or 
through wired or other means. Certainly by radio is intended communication via all 
radio frequencies including light frequencies or via laser or other known means that 

25 is wireless in nature. As will be further described herein in the example depicted in 
Figure 2 of a border crossing, the EVL communicates with an inspection facility for 
border preclearance before reaching the border via wireless means, so the vehicle 
need not stop. 

The EVL 1 may be provided with a display or other output means 4. The 
30 display, as indicated by descriptive box 4a, may be optional. The display may 
comprise a liquid crystal display, cathode ray tube display, light emitting diode or 
other display. Other output means may comprise a printer or speech synthesis means 



WO 97/13208 PCT/US95/12459 

9 

or other output means. All such means provide the user (typically the vehicle 
operator) with feedback of proper operation, an indication that the* vehicle is being 
polled, clearance to proceed, log data, if appropriate, and other information. 

Controls 5, as described by box 5a, are likewise optional. The controls 
5 typically comprise a keyboard, keypad or related switch control but may comprise 
speech receiving means 7 described by box 7a as a microphone such as an electret 
microphone or digital microphone. Also, both keys and microphones may be 
provided. The microphone may be eliminated if speech input is not contemplated by 
one designing a system according to the present invention. The controls may be keys 
10 representing, for example, numeric or alphabetic characters for inputing the 
operator's identity, password or other data as will be described further herein. If 
necessary the microphone is coupled to the processor of the present invention via an 
analog to digital converter for sampling the voice input and converting the input to 
digital samples. 

15 Finally, in accordance with Figure 1, sensors 6 may be provided which are 

only generally described. These may comprise brake sensors, accelerator sensors, 
tachometer or mileage sensors, speedometer sensors, steering column sensors, tire 
pressure monitoring sensors, cargo bonding sensors, cargo temperature or smoke or 
fire sensors, driver alcohol (breath) detection sensors and the like which may be 

20 coupled to EVL 1 by wired or wireless means. 

In-transit, cargo and route monitoring data use sensors which are preferably 
mounted on the vehicle and locally communicate with the EVL using fixed 
communications channels (cabling or short-range radio signals). Credentials and 
event data recording typically requires acquiring data from systems separate from the 

25 EVL housing 1 which are not permanently mounted on the vehicle. For example, a 
customs agent may be empowered to record a credential within the EVL which 
indicates that paperwork is in place and tariffs paid to allow expedited international 
or state border crossings as will be described further in reference to the example of 
Figure 2. This credential information is placed within the EVL by any number of 

30 transmission methods and via security means including direct entry, via a removable 
credential memory, via direct connection and via radio connection. 

In regard to direct entry, the EVL 1 may provide a keyboard and limited 
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display for manual entry of the information. This may be relatively tedious and 
insecure. The entry process may include the agent (inspectof) specifying an 
encryption key, either public or private, which may be used in a signature process for 
authenticating entered data. The process may involve speech recognition and voice 

5 entry of the data in combination with a keyboard/display or alone. The process may 
further comprise speaker identification or verification processes known in the art for 
confirming a subject's claimed identity based upon a digitized speech sample. 

Removable credentials are preferred. If the EVL memory is removable, it 
may be placed in a data entry device belonging to the agent and the electronic 

10 credential or event data copied into the memory. When the memory device is 
replaced into the EVL 1, the newly acquired data will be processed as a normal PDP 
as described below in connection with Figure 4. 

Direct connection may be cumbersome. The EVL may be directly cabled to 
the agent's data entry device, using a media such as an RS 232 serial data channel or 

15 equivalent serial or parallel connector. Data processing in this case is comparable to 
that when using removable credentials. 

Finally radio connection may be preferable for, for example, coupling to 
mobile police forces, air such as helicopter carrying radio, or roadside radio polling 
stations so the vehicle may transmit in motion. Radio may be used to receive or 

20 transmit credential and event data. One example is a weight in motion (WIM) station 
operated by a governmental authority. A WIM sensor may, when interrogated by the 
EVL, transmit the vehicle's weight to the EVL for storage. 

As will be further described in connection with Figure 2, an agent uses a 
personal computer or workstation to generate, for example, border crossing or 

25 inspection credential data. An agent-specific secret key is used to embed their 
electronic signature within the credential data transferred to the EVL L Thus, the 
data may not be accessible to the driver or even the vehicle system operator. When 
the credential data is later transmitted to an authorizing agent (such as the border 
crossing inspector), the corresponding public key is used to decrypt the signature, 

30 thereby authenticating the source and permitting preclearance of the vehicle. 

Now, referring to Figure 2, one application of the present invention will be 
described, namely a border crossing, to demonstrate the interrelationships among the 



WO 97/13208 PCT/US95/12459 

11 

elements of Figure 1 which may be assembled in combination to perform any desired 
application of the present invention. Figure 2 generally represents in diagrammatic 
form the events at a border crossing of a vehicle 200 equipped with the EVL 1 
(Figure 1) of the present invention (represented as box 210). Other applications will 
5 be described subsequently herein. Vehicle 200 may be a truck, for example, 
approaching a border crossing 202 which may be a state or international border along 
a route 201. There are three zones of route 201 the vehicle 200 is expected to pass 
through. Zone 205 comprises a reporting zone. Zone 206 comprises an 
evaluation/clearance zone. Zone 207 comprises an inspection zone for performing 
10 a detailed inspection, as necessary, of vehicle 200 or health check of the vehicle's 
driver. The arrows on route 201 indicate the expected direction of passage of vehicle 
200. 

Referring briefly to Figure 2B, there is shown a typical vehicle 200 and blocks 
261-266 summarizing data that may be related thereto. Block 261 describes motor 

15 vehicle data such as ID number, EVL or DPIU identification number and status, 
vehicle weight and registration data. Driver data 262 comprises their identification, 
their licenses, safety record, transit log and safety biometrics among other data. 
Carrier data 263 includes identification, location, registration, insurance, licenses and 
permits, ICC, PUC, USDOT records, violations and offenses and fees paid records. 

20 Cargo data 266 includes trailer identification, invoice, manifest, HAZMAT warnings, 
gross and tare weight, export declaration, inspection record, tariff record and crossing 
approval data. Together, these data 261, 262, 263 and 266 may be vehicle credential 
data as used in the context of the present application. 

Transit security block 264 refers to electronic bonding data, route verification 

25 data and time-in-travel verification data. 

Safety and environmental data block 265 refers to a combination of event data 
and in transit data. In particular, block 265 refers to inspection records, emission 
records on-board sensor records and HAZMAT warnings. 

Typically at a border 202 or proximate thereto is an inspection facility 203. 

30 At the inspection facility, work stations, shown as computer workstations, 204 are 
provided governmental employees, such as inspectors. The work stations and/or 
inspection facility 203 preferably communicate with vehicle 200 which may be 
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moving by wireless means. The PC-based inspector workstations 204 are described 
by box 220. The workstations function to interface with an interface unit described 
by block 210 usually referred to herein as the EVL of vehicle 200 and to roadside 
sensors of a polling station (not shown). These sensors respond as a vehicle passes 
5 a polling station in motion to obtain data from the EVL. These may not need be 
"roadside- but may be "fly over" and thus mounted in aircraft such as helicopters or 
other traveling vehicles such as police vehicles. In any event, the workstations 220 
function to record electronic credentials either downloaded in advance or provided 
from the EVL 210 of the vehicle 200. The workstation 204 may interface with 

10 centralized databases to obtain data that is not stored in the workstation as necessary. 
Finally, it is desirable if the workstations 204 are networked together for 
intercommunication and interchangeability. That is, if one workstation is occupied, 
a first spare workstation is allocated to an new incoming vehicle 200 to the system. 
The work stations 204 and/or inspection facility 203 generally are provided 

15 with an EVL interface unit for interfacing with the in-vehicle EVL 1 of vehicle 200. 
The functions of this interface unit are described by box 210 which couples the 
inspection facility 203 or workstation 204 or both with the EVL resident in vehicle 
200. This interface unit carries and provides credentials/manifests/inspection records 
collected for a vehicle. The interface unit also collects multi-sensor reports from on- 

20 board sensors on the commercial vehicles such as vehicle 200, for example, on 
odometer readings, brakes, cargo bondings and the like as optionally provided. 
Moreover, the interface unit provides vehicle to roadside (or fly over) polling stations 
communication between the EVL and the governmental employees such as inspectors 
and inspection stations such as weight-in-motion measuring stations. The latter data 

25 may be recorded in the EVL as will be described in connection with Figure 4 as 
protected data packets. Another function of the interface unit is general information 
management and the updating of the EVL data base and records due to governmental 
activity. For example, the opportunity for preclearance of a vehicle through an 
inspection station is one type of data that may be entered into the EVL. Finally, the 

30 interface unit provides electronic security in accordance with the security features 
described by Figure 4. Communications to and from the vehicle 200, especially if 
wireless, are preferably secured from interception by coding and/or encryption as 
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desired. 

In operation, a vehicle 200 moves along route 201 into a reporting zone 205. 
The vehicle 200 may initiate radio contact with inspection facility 203 or the vehicle 
may be polled via roadside or other monitors. Meanwhile, manifests for the vehicle 
5 and associated data are preferably electronically downloaded by a broker (a carrier 
or other party) for storage at the facility 203. Current manifests of expected vehicles 
are provided to individual inspector workstations 204. Responsive to a polling signal 
or associated with a request for preclearance initiated by the vehicle, the vehicle data 
of particular vehicle 200 is provided via wireless means to inspection facility 203 and 

10 compared at workstations 204 with downloaded data, such as manifest data. On- 
board the vehicle, the driver may be provided with a display indicating the EVL is 
being monitored and thereby reported to him. Moreover, a report or record of the 
monitoring activity may be stored in the EVL along with a real time of day and 
location indication as will be subsequently described herein. 

I 5 The vehicle then enters an evaluation/clearance zone 206. The governmental 

authority such as an inspector assesses the records/data obtained from the EVL at his 
workstation 204. If the inspector is satisfied, the inspector communicates a bypass 
or, if not satisfied, a no-go signal to the truck. Of course, the EVL records and 
updates itself according to the bypass or no-go signal. As the vehicle approaches the 

20 border 202, roadside monitors may poll the vehicle in transit as it crosses the border 
to assure that the vehicle crossing the border is in fact the vehicle given preclearance 
to cross. There exists the possibility that preclearance may not have been received 
in a timely manner even though preclearance could have been granted as the vehicle 
enters the inspection area 207. Vehicles not receiving timely preclearance and 

25 vehicles whose credentials are suspect may be signaled to stop in inspection zone 207. 

As the vehicle 200 moves it will enter a detailed inspection area indicated as 
such on route 201. Inspection zone 207 corresponds thereto and, at the area, a 
detailed inspection of vehicles which fail or do not timely receive preclearance 
occurs. Vehicles which may not receive preclearance (not permitted to bypass the 

30 station) may include those providing a cargo bonding breakage signal, an indication 
of improper or errored credentials or manifest data and the like or presenting safety 
issues such as faulty brake or related signals. Whether or not monitored, driver 
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health issues may also be checked (for example, vision or drug/alcohol levels). The 
inspections may be random, i.e., ordered as a result of proper data reporting but 
nevertheless a no-go signal is signaled to the particular vehicle 200. If the vehicle 
safety, driver health or driver safety (overspeed or erratic activity) are signaled as 
5 problematical, each of these in turn may be checked or inspected. 

Thus, as described above, an embodiment of the present invention may 
provide for a vehicular data processing method for use by a vehicle in crossing a 
border comprising the steps of initiating a request for preclearance or automatically 
receiving a polling signal; responsive to a polling signal, transmitting at least vehicle 

10 credential data; and receiving a bypass signal or a stop signal, the bypass signal 
indicating that the vehicle may pass and the stop signal indicating the vehicle must 
stop. Preferably the data is transmitted in a secure manner as will be further 
described in connection with Figure 4. Other related methods that will be further 
described herein include the automatic monitoring of safety equipment, driver 

15 credential, driver health or driver safety by police, the automatic monitoring of cargo 
bonding devices and cargo temperature, cargo weight, tariff payment and the like. 

Now referring to Figure 3A, there is shown one alternative embodiment of an 
electronic vehicle log according to the present invention. A further embodiment is 
described by Figure 3B and yet a third embodiment is described by Figure 3C. From 

20 a study of each embodiment, one of skill in the art will be prepared to design an 
electronic vehicle log for a particular application and/or vehicle type and, in 
accordance with Figure 4, design an appropriate security method and means 
depending on the level of security desired. 

Figure 3A shows an in-vehicle data processing interface unit. Box 300 

25 exemplifies a housing for housing components of an EVL according to the present 
invention. The EVL system apparatus 300 includes, for example, a radio or other 
vehicle-to-roadside, vehicle-to-vehicle or vehicle-to-aircraft communications apparatus 
301. Examples of short range devices that may be used include a Hughes Radio or 
Mark IV (MklV) units or other similar radio systems known in the art or so-called 

30 automatic vehicle identification units. Longer range communication may be cellular 
radio via telephone modem or 220MHz radio manufactured by Scientific- Atlanta and 
other suppliers. Also, Qualcomm Omnitrax provides longer range communications. 
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Apparatus 301 is coupled between a suitable antenna (via link 309) and computer 
processing unit 302. Similarly situated is systems applications apparatus 303 for, for 
example, receiving GPS or Loran or other location and time update data via an 
antenna via link 310. Other functions of apparatus 303 include security and built-in- 
5 test (BIT) test circuitry. Processing set 302 and systems applications apparatus 303 
may be powered by the vehicle battery via a 12-volt power inverter or other circuitry 
304. Computer processing set 302 houses the processor, non-volatile (software 
algorithm) memory, PCMCIA (card or module) receiver, analog/digital interfaces as 
necessary, operator/machine interfaces as necessary and built-in test circuitry. The 

10 plug-in security EVL module is represented by both 307a and 308a for storing fixed 
and variable data respectively via respective links 307 and 308. Fixed data 307a of 
an EVL includes and should not be considered to be limited to include cab 
identification data, truck line identification data, registration data, location data and 
the like. Variable data 308a may be considered to include and not be limited to 

15 include driver identification data, trailer identification data, load identification data, 
route data, initial weight data, credentials and fees data, hazardous material data and 
safety inspection data. 

Of course, one purpose of the device 300 and log 307a, 308a is to provide via 
antenna(s) 309 certain outputs 310a responsive to certain external inputs 309a. Inputs 

20 309a comprise the polling request and the identification of the poller. Once the 
polling request is made, data returned and authorization determined a preclearance 
authorization signal is another input. Yet another input may be a request to stop for 
a detailed inspection as has been already described above that may be an alternative 
to a preclearance authorization signal. The outputs 310a, typically provided in 

25 response to a poll, comprise the identification, classification and location of the 
vehicle and driver. As necessary, a preclearance request signal may be generated. 
Other credentials necessary for polling site preclearance are provided as necessary. 
The safety/health of the vehicle/operator may be output. Also, there may be provided 
a mileage and fuel report for purposes of comparing with intended route and typical 

30 fuel consumption figures. 

Processor 302 is linked to on-board sensors via link 305 which may be wired 
or wireless. Vehicle sensor data 305a comprises driver condition data (for example, 
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alcohol sensors for intoxication determination), load condition/security (temperature, 
bonding), vehicle condition (engine temperature)/security and the like and internal 
data processing unit security sensing (the BIT test) among others too numerous to list. 
Processor 302 is also linked, for example, as necessary to alternatives to 
5 known short range roadside polling devices via known in the art systems described 
above such as automatic vehicle identification systems. These devices return data to 
the inspection facility responsive to inspection facility initiated polling requests by 
alternative means. 

Thus, there is provided apparatus for maintaining an electronic log of 
10 vehicular activity for an automatic border crossing comprising radio apparatus for 
communicating with an inspection facility and for periodically receiving time and 
location data. Protected data packets as electronically signed and stored in variable 
data EVL 308a as will be described in connection with Figure 4. 

Yet another preferred embodiment of an in-vehicle unit is shown in Figure 3B. 
15 While the whole of Figure 3B is labeled as an Electronic Vehicle Log, Figure 3B is 
similar to Figure 3A in that box 350 represents a housing in which are situated 
elements including a processor and memory and connections are shown to other 
elements outside the housing such as the EVL log media 370 preferably comprising 
a disk, flash memory, card or other NVM. For simplicity, Figure 3B does not show 
20 a microphone, all the optional sensors, the antennas for wireless communication and 
the like shown in Figures 1 or Figure 3A. 

In particular, within box 300 are a bus system 356 for coupling various 
circuits together and providing intercommunication at a sixteen bit level such as an 
International Standards Authority (ISA) standard bus system known in the art. The 
25 ISA bus 356 provides 16 bit data lines and 24 bit address lines for addressing and 
retrieving data from memories connected thereto. Connected to the bus 356 are a 
processor 351, a PCMCIA controller 352, a flash memory 353, a volatile memory 
354 and an interface controller such as a quad serial interface controller 355. Sample 
capacities, not intended to be limiting the present invention, are 512 kbytes for 
30 volatile memory 354 and flash memory 353. 

Processor 351 provides the intelligence for the unit and may comprise, for 
example, an ELAN 80386 integrated processor or other microprocessor. The "386" 
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processor has internal random access memory and program memory which may be 
insufficient for the present purposes. Consequently, external flash inemory 353 and 
volatile memory 354 are provided for providing sufficient capacity for the tasks at 
hand. Flash memory 353 is non-volatile and amy store fixed data such as the unit 
5 identification, algorithms and the like in permanent secure form. Volatile memory 
preferably random access memory provides working space for processor 35 1. 

Controllers 352 and 355 provide slave control of input/output functions for the 
processor 351. PCMCIA controller 352 is coupled to the EVL credentials non- 
volatile memory 370 which may be in the form of one or more disks, flash memories, 

10 smart cards or other like removable secure memory which may be inserted into yet 
another processor (personal computer, mainframe, or like computer) for loading 
credential data prior to vehicle departure. 

In particular, credentials may be inserted briefly into the PCMCIA slot, read 
into EVL volatile memory, and the credentials then removed freeing the slot. 

15 Alternatively, the credentials may be left in the EVL during the entire transit. In this 
case, the log may be placed on the same physical device as the credentials, or the 
spare PCMCIA slot 390 may be used as the EVL log memory device. 

Controller 352 also handles input functions from a global positioning system 
card 380 known in the art. This card may be coupled to an antenna for periodically 

20 receiving real time of day and location data and storing the data in buffer memory for 
use by processor 351 for forming protected data packets as will be further described 
herein. The card may be clocked by a local oscillator and have an internal real time 
of day clock algorithm which is periodically maintained at a correct time of day by 
a satellite downlink signal received at an antenna (not shown). 

25 Controller 352 also interfaces with a spare card that may be used for storing 

credentials, may comprise an analog interface or an interface to another bus system 
such as a vehicle bus system for collecting vehicle data (engine temperature, ignition, 
oil, fuel consumption, odometer and the like). The PCMCIA card 390 may have 
other applications which come to mind from a further study of the present invention. 

30 Finally, controller 355 provides a plurality of, for example, RS232 serial line 

interfaces to, for example, digital cellular communications apparatus or Type 3 AVI 
tags for roadside-to-vehicle short range communications via link 395, to other 
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wireless communications via link 396, to additional sensors, such as digital sensors 
via link 397 different from those supported by card 390 and/or accessible through a 
vehicle bus and to a user interface via link 398 such as a keyboard, speech interface 
and/or display or speech synthesis interface. 

5 These elements together perform the following functions. The processor 351 

provides overall processing control and includes the internal capabilities to control 
two PCMCIA ports on its own, namely ports for PCMCIA cards 360 and 370. One 
(the EVL media or card 370) has already been described. The other is analog 
acquisition card 360 providing eight connections each for continuous and discrete 

10 analog signals, with the continuous signals typically digitized to 8 or 12 bits of 
resolution, for reception of such vehicle data as ignition switch position, speed, 
steering, brake accelerator data, tachometer data, electronic cargo bonding data and 
the like. 

Some processors 351 desirably provide on-board One Time Programmable 
15 (OTP) memory which may be used to securely record the EVL-unique secret key and 
identification number. These are most desirably maintained as closed to the function 
of forming protected data packets as possible and desirably are not removed to 
FLASH memory 353 for fear of being intercepted and known by one not intended to 
possess them. 

20 The FLASH memory 353 then is more desirably used for permanently storing 

the executable software. The memory 353 may be loaded at the time of manufacture 
with the EVL-unique secret key and identification number if that data is not included 
in the processor's (351) on-board OTP memory. All memory capacities, bus sizes, 
capabilities and speeds are nominal. For example, the unit may provide DRAM and 

25 FLASH memory sizes from 256 kilobytes to 1024 kilobytes or larger by utilizing 
alternate sized chips currently available. Currently available PCMCIA analog 
acquisition cards provide four to eight channels each of continuous or discrete inputs, 
but higher densities are anticipated and can be incorporated without changes to the 
unit's (300) hardware. Flexibility is enhanced using a PCMCIA design supporting 

30 cards for multiple functions and tasks. Alternatively the corresponding circuitry may 
be directly incorporated onto the unit's motherboard (similar to the design of Figure 
3A) or placed onto a daughterboard interfacing the ISA bus 356. The latter design 
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may have a lower EVL hardware cost. 

A third embodiment will be quickly described with reference to Figure 3C. 
In this embodiment, box 320 represents the data processing and information 
management function. Data processing power has been increased to the level of an 
5 integrated 486 type microprocessor 322 with approximately 256 kilobytes of flash 
memory 321 and 1 megabyte of DRAM 323. The processor interfaces with a data 
and information display and control function 335 including a keyboard or other input 
(not shown), touchscreen, or LCD, LCD controller and memory 336. 

To receive input and provide output externally, there are provided parallel port 
10 341 of the processor and serial port 342 of an external interface 340. Through the 
external interface 340, there pass cellular phone data, roadside reader or tag data, 
GPS data, satellite communications data (such as LEOSAT) and Qualcomm OmniTrax 
data. 

There is also provided a PC- 104 mezzanine interface. 
15 To obtain vehicle and other sensor data, there is an eight channel analog 

sensor interface 330 designated 331 through which multi-sensor data is acquired. As 
has already been described, the sensors obtain safety, emission, cargo security and 
vehicle security and safety data among other data. 

EVL data information storage and retrieval are represented by box 325 
20 including a first and second PCMCIA interface 326 and 327 for electronic credential 
data of driver, cargo and vehicle. 

Now referring to Figure 4, the operation of processors 302, 351 or equivalent 
processors will be described in connection with the formation of protected data 
packets (PDP's). Generally, Figure 4 represents the creation of the log memory of 
25 the Electronic Vehicle Log (EVL) 1 of the present invention. The protection 
provided for EVL memory 430 is described by outer dashed line box 433 as 
comprising a password and/or speaker verification. Via link 431 an EVL-unique 
secret key is provided to processor and DRAM 400 (for example, processor 302, 
351). 

30 Via link 401, the processor gathers the vehicle location data and via link 402 

the processor gathers date and real time data, for example, from the same source 303 
or 380 as described earlier in connection with Figures 3A and 3B. 
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Processor 400 also obtains vehicle sensor data via link 403, credentials and 
event data via link or links 404 and cargo status data via link 405. 

The output of the processor 400 is a protected data packet forwarded via link 
420 to a non-volatile log memory 410, for example, similar in form to variable data 

5 308a or memory 370. An expanded view of the contents of a protected data packet 
41 1 of the present invention is represented by block 411. The protected data packet 
411 contains logged information 420a, a real time of day and date stamp 420b, a 
vehicle location stamp 420c, the unique vehicle identification 420d and an electronic 
signature 420e formed as will be described herein. 

10 Logged information 420a may represent a printed page scanned from a page 

scanner or more data and thus may comprise megabytes of memory. On the other 
hand, a date and time stamp 420b may comprise just a hundred bytes of memory or 
less, for example, representing approximately twenty ASCII characters. Vehicle 
location data 420c including latitude and longitude may require ten to twenty bytes. 

15 Likewise, a vehicle identifier 420d may comprise just the equivalent of about twenty 
ASCII characters. On the other hand, the electronic signature 420e may require 200 
bytes of data. 

In general, the EVL log data will be generated using the following steps: 1) 
Data for logging will be acquired from various sources including, but not limited to, 

20 on-vehicle sensors, external systems and cargo monitors. The types of data logged 
and methods for acquiring the data have been described already above. 2) When a 
log entry is to be made, the EVL processor 400 will obtain the current date and time 
of day, vehicle location (at least in the form of latitude and longitude and possibly in 
the form of map location data such as route and mileage along a route from a given 

25 point), the EVL secret key and the EVL unique identification data. The processes 
for obtaining that data have likewise been described above. 3) The EVL processor 
prepares a protected data packet (PDP) using the information from stqp 2. The 
processor computes the packet's electronic signature 420e using a secure hash 
algorithm, a public key encryption algorithm and the EVL secret key. The PDP is 

30 then stored on the data logging medium (card, disk or the like). 

Public key/private key encryption algorithms are known in the art including 
one formerly licensed through PKP Partners (a partnership of RSA and Cylink, which 
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has recently been ordered dissolved by an arbitrator in California). Another is 
promoted through the National Institute of Standards and Technologies in 
Gaithersburg, Maryland (N.I.S.T.). US Patents numbered 4,405,829, 4,424,414, 
4,200,770, 4,218,582, 4,995,082 and 5,231,668 describe this technology. 
5 Once the data has been logged into the EVL, various methods may be used 

to transmit or transport the PDP's to other systems which may require the information 
(owners, drivers or governmental authorities). Additional encryption techniques may 
be used during transmission to prevent information from becoming available to 
unauthorized third parties who may be tapping the communications channel. 

10 Now, data logging, authenticated data distribution, secure data transmission 

and credential storage operations will be described with reference to Figures 4A and 
4B. Figure 4B shows the public key encryption pairs used by different authorities. 
First, data logging will be described in the context of the driver entering log data by 
way of example. When the vehicle is to be used, the driver inserts the removable 

15 non-volatile log memory 430 for the duration of the trip. For example, a driver may 
obtain access and log into the EVL by inputing their speech, a password or a 
biometric 433 after inserting their card memory 430. Upon successful recognition 
of the password or biometric and/or verification of the speaker's identity or after 
completion of both processes, the driver-unique data is used to decrypt a secret or 

20 private key member (for example, 45 la which is never released from secure memory) 
of a public key encryption pair 451a and 451b. When data is to be logged by the 
driver, protected data packets containing this log data are generated with digital 
signatures formed by encrypting digital hash values with this secret key member 451a 
of the public key pair. 

25 Now, authenticated data distribution will be described. Protected data packets 

(PDP's) 420 are transmitted to a requesting user via electronic means, for example, 
wireless, telephone modem or a memory card. The requesting user has a trusted 
(escrowed) copy of the public key 451b of the above-referenced public key pair 451a, 
451b, the pair including the secret key 451a (which never leaves secure memory) 

30 used for forming the electronic signature. The public key 451b is used to verify that 
the electronic signature of the PDP is accurate. Correct verification of the electronic 
signature then confirms the data source (the driver-protected secret key 451a) and the 
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integrity of the data (since the hash value matches the PDP data). 

Secure data transmission from one party to another or intra-jbarty will now be 
described. A governmental authority may obtain access by a defined process. One 
example of such a process for obtaining an early transmission of vehicle data in 

5 advance of a border crossing or like event is described by the following. The agency 
wishing to receive secure data generates a public key encryption pair 452a, 452b 
different from that used by the driver and distributes the public key portion 452b to 
any person or system desiring to transmit secure data. The public key portion 452b 
is stored in EVL memory. A profile of a commercial vehicle and a cargo may be 

10 extracted from the vehicle via a card memory or may be electronically extracted by 
wireless means prior to the vehicle's departure and delivered to the authority with the 
stored public key portion 452b. The EVL generates a private encryption key 431 and 
uses it to encrypt PDP's with their corresponding digital signatures. The EVL 
encrypts this private encryption key 431 using the public key 452b and transmits that 

15 information to the agency receiving the data. The receiving agency decrypts the EVL 
private encryption key 431 using the secret key portion 452a of the key pair 452a, 
452b and then decrypts the PDP's using the decrypted key 431. The profile and 
public key 452b are transmitted via a centralized authority data base to regional data 
bases for distribution to checkpoints, port of entry border crossings and the like along 

20 the intended route of the vehicle. 

As the vehicle approaches the inspection facility, the vehicle is polled or 
interrogated, for example, preferably by wireless means in advance of reaching the 
facility so the vehicle need not stop its movement. The vehicle transmitted profile 
data is compared with the previously transmitted profile data and the inspector may 

25 preclear the vehicle through the inspection station. If the inspection data is a weigh 
station, for example, and data is to be entered into the log by the authority, an 
electronic signature is utilized to verify the entered data, preventing subsequent 
modifications of the logged information. Moreover, at the time the entry is made, 
the vehicle position and time from the global positioning system may be automatically 

30 and simultaneously recorded, allowing detection of fraudulent entries. As the vehicle 
crosses the border, a short range communications system may be used to verify that 
the vehicle crossing the border is the vehicle which received the preclearance to 
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cross. 

It is also possible that the vehicle may carry all the profile information in the 
EVL and transit the data via wireless means to the authority just a few minutes before 
arrival or before the approval (for example, preapproval at a border crossing) event. 
5 In this case and in that described above as well, some sort of short range transmission 
is useful as the vehicle crosses the border to physically confirm that the vehicle 
crossing the border is the same as the one that provided the profile and credentials 
data and received preapproval to cross. 

Finally, credential data storage will be described in some detail. An 
10 authorized individual such as an inspector or police officer creates a digital credential 
in a generating device's memory, for example, a laptop personal computer. A secret 
key 454a of a public key pair 454a, 454b is used to generate a digital signature for 
the credential data. The credential and signature are transmitted to the EVL using 
various means, possibly including wireless means, direct input (typing), or memory 

15 card transfer. This transfer may be encrypted as discussed above as desired, for 
wireless or other secure data transmission. The credential and signature are formed 
into a PDP and logged as described above for the driver data logging operation. 
When the credential is subsequently transmitted to a requesting agency, the agency 
will use a trusted copy of the public key portion 454b to verify the electronic 

20 signature of the PDP. 

The EVL will internally store the data for subsequent display, processing or 
transmission. Much of the data stored will be sensitive. For example, the tariff- 
related data may be used to facilitate international border crossing and if this data 
could be electronically forged, it would result in a loss of revenue or worse. The 

25 storage techniques described above respond to this need for data security. The 
storage approach is also related to the data reception and transmission approaches 
described above and further in the following discussion. 

A wide variety of media and storage techniques are currently available, several 
have been described above. One form is a removable non-volatile memory. This 

30 may comprise flash memory or other non-volatile memory adapted to form a 
removable unit such as a PCMCIA card. One or more of these cards may comprise 
the EVL. 
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Another memory is a removable disk drive. This may comprise a floppy disk 
drive or removable hard disk drive such as one, likewise mounted on a PCMCIA 
card. This may likewise be secure enough to form an EVL. 

An internal non-volatile memory or disk drive may likewise comprise an EVL. 

5 This storage device may be hosted entirely within the EVL housing 300, 350 of 
Figures 3A or 3B. In one embodiment, it may not be removed without destruction 
of the data contained within. 

In yet another embodiment of the present invention, an internal volatile 
memory may be used as an EVL if protected from erasure, for example, by a battery 

10 pr other power back-up device permanently associated therewith. 

On the other hand, removable memory will allow a certified person to place 
credentials or event data on the storage device by removing it from the EVL housing, 
placing it into another electronic device (such as a portable computer), and writing 
the credentials in a secure manner onto the memory device. Non-volatile memory 

15 would require an interface between the EVL housing and the certified persons' 
electronic device. This interface could be either wired or wireless (radio frequency). 

Typically each discrete group of information to be protected is processed by 
assembling the data in an area of volatile memory. The date and time of the packet 
creation are obtained from a reliable source and added to the packet. GPS and a 

20 clock internal to the EVL are possible sources. The position of the vehicle at the 
time of the packet creation are obtained from a reliable source and added to the 
packet. GPS and Loran are possible sources. The EVL unique identification data is 
obtained and added to the packet. A secure hash value is computed for the packet 
from the above-acquired data. The secure hash value is then encrypted using the 

25 EVL unique secret key from a public key encryption key pair. The encrypted secure 
hash value, then, is the electronic signature for the packet which may be recovered 
by those having the key to the exclusion of others. Packets with their corresponding 
signatures are stored in the EVL on the various storage media chosen for the 
application as described above. 

30 The addition of reliable date, time of day, and location data is a significant 

security feature. It can prevent an unscrupulous person skilled in the art of computer 
hardware and software manipulation from forging protected data packets and inserting 
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them into the EVL memory when the EVL is at a location inconsistent with the 
legitimate position or at a time inconsistent with an expected time of day for 
legitimate packet creation. 

To prevent unscrupulous, technically adept persons from obtaining illicit 
5 access to the EVL Secret Key and creating forged PDP's, the EVL secret key and 
EVL unique identification data may be further protected using other cryptographic or 
other technologies. For example, the EVL secret key and identification data may be 
encrypted by a password known only by the user (such as the driver). The user 
(driver) would be required to enter their password prior to the start of transit or the 

10 entry of their data. The unencrypted data would be maintained only as long as the 
vehicle travels and adheres to an intended route or defined itinerary prestored with 
the password of the driver. 

As a further security means, PDP generation may be contingent upon 
successful completion of a Speaker Verification function within the EVL. For 

15 example, the EVL may include a speaker verification (identity verification) and 
speech recognition (password recognition) subsystem or subsystems which verbally 
accepts the password used to decrypt the EVL secret key and EVL identification data. 
If the registered vehicle driver's voice is not confirmed (through speaker verification, 
for example), then the PDP encryption is not performed. 

20 Figure 5 A provides a table as an example of a memory table of protected data 

packets that may be maintained in an in-vehicle database (EVL) according to the 
method of Figure 4. One item may be the vehicle identification data which uniquely 
identify at least the vehicle. In particular, however, for a particular trip, the data 
ideally describes a unique driver, a unique cab and a unique trailer or trailers if 

25 pulling more than one trailer at a time or during a route. Vehicle classification data 
may describe the type of vehicle/trailer(s) and an oversize or overweight condition. 
For example, some states require no trailer(s) having a greater length than a 
predetermined length for safety reasons as automobiles allegedly are unable to pass 
such long trailers. Vehicle height limits are important for bridge and tunnel 

30 construction. Weight limits are imposed for highways because overweight vehicles 
are an important cause of the failure of roadways over time. 

Another data item is cargo description. Their are various types including 
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"hazardous" cargos that require special handling and special routing. Quantity must 
be logged and maintained for certain tariffs are based on quantity rkther than weight 
or size. Cargo security is important to the trucker as well as the owner of the cargo. 
The cargo security is protected by bonding, by assuring environmental factors and the 

5 like. The cargo destination may vary with the route. Cargo is deposited and new 
cargo is picked up requiring new credential data be entered. 

Route data comprises the following: intended route and intended stops along 
the way, alternate routes, expected times of arrival and destinations along the route. 
This data may be stored in the form of maps and compared with GPS data by 

10 appropriate algorithms to determine deviations from intended routes. 

Safety information can contain inspections, dates of inspections, records of the 
inspections, and measurements taken. For example, brakes, engine failure, tire safety 
and the like, signal indicators and the like may be regarded over time. 

Other credential data includes licenses permits, inspections, reports, trip logs 

15 of other trips, and manifests. This data is not intended to be entirely inclusive. 

Over time, data may be tabulated and summarized and output in the form of 
Figure 5B. For example, brake performance can demonstrate over time the 
mechanical status and history of the cab and trailer(s) brakes. Moreover, over time, 
the driver status and history may be recorded. For example, the driver can collect 

20 road mileage, time or duration of travel for the mileage logged and health record. 
More particularly, the driver's vision, alcohol or drug record and the like can be 
maintained with the driver's identification. Figure 5B also refers to environmental 
systems for detecting temperature, pressure and the like which are factors of the 
environment of the vehicle, driver and cargo. Inspection records and on-board 

25 monitors and sensor data is recorded in an environmental system table over time. 

Figures 6A and 6B provide charts showing several applications of the present 
invention identified as to service, application, technology or product applicable for 
providing that application, what can be demonstrated and its use. Figure 6B is 
merely a continuation of Figure 6A. 

30 The following services are performed by the present invention in combination 

with external systems as required: commercial fleet management so that a fleet 
operator may maintain data on their fleet of vehicles, emergency notification and 
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personal security, hazardous material and incident notification, commercial vehicle 
electronic clearance and administrative procedures for state and international border 
crossing, automated roadside safety inspections and on-board safety monitoring. The 
reader will please refer to the charts for application, technology or product available, 
demonstration and utilization information for each of these. 

Thus there has been shown and described an electronic vehicle log and 
security method therefore by which different users may apply their own electronic 
signatures and secure their own data for later retrieval. Data packets are protected 
from unscrupulous individuals who would forge data by not only protecting the 
packets via public key/private key encryption but by voice security and real time of 
day and location data. Deviations from the present invention may be practiced for 
any more of the services of Figures 6A and 6B or other services that may come to 
mind from a reading of the present application. Any pending applications or patents 
mentioned above should be deemed to be incorporated by reference as to any material 
contained therein that is essential to a proper understanding of the present invention's 
manufacture or use. The present invention should only be deemed to be limited by 
the scope of the claims which follow. 
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WHAT IS CLAIMED IS: 

1. Apparatus for maintaining a log of credential data' secure from an 
uncertified user comprising 

a processor for forming protected data packets comprising at least the 
5 credential data and an electronic signature representing a certified user and 
a memory for storing the protected data packets. 

2. Log maintenance apparatus according to claim 1 further comprising 
means for providing date and time of day data for inclusion in the protected data 
packets. 

10 3. Log maintenance apparatus according to claim 2 further comprising an 

interface to said processor for receiving vehicle location data. 

4. Log maintenance apparatus according to claim 1 further comprising an 
interface to sensors for sensing in-transit data. 

5. Log maintenance apparatus according to claim 1 further comprising an 
15 interface to means for obtaining cargo monitoring data. 

6. Log maintenance apparatus according to claim 1 further comprising an 
interface to means for obtaining event data. 

7. Log maintenance apparatus according to claim 3 wherein said protected 
data packets comprise credential data, date and time data, vehicle location data 

20 vehicle identification data and the electronic signature. 

8. Log maintenance apparatus according to claim 3 further comprising a 
microphone coupled to said processor, said processor receiving voice samples via the 
microphone for comparison with voice data stored in the memory. 

9. A vehicular data processing method for use by a vehicle in interacting 
25 with an in-transit facility comprising the steps of: 

communicating with the in-transit facility; 
receiving a polling signal; 

responsive to the polling signal, transmitting at least vehicle credential data; 

and 

30 receiving a bypass signal or a stop signal, the bypass signal indicating that the 

vehicle may pass and the stop signal indicating the vehicle must stop. 

10. The data processing method of claim 9 wherein 
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preliminary to the transmitting step, generating protected data packets 
comprising the credential data and an electronic signature. 

1 1 . The data processing method of claim 10 wherein 

preliminary to the transmitting step, collecting data representing the date and 
5 time of day for inclusion in the protected data packet. 

12. The data processing method of claim 9 wherein 

preliminary to the transmitting step, collecting data representing the location 
of the vehicle for inclusion in the protected data packet. 

13. The data processing method of claim 9 wherein 

10 preliminary to the transmitting step, collecting data representing a unique 

vehicle identification for inclusion in the protected data packet. 

14. The data processing method of claim 9 wherein the electronic signature 
comprises a secure hash value computed for the packet encrypted using a secret key 
from a public key encryption key pair. 

15 15. A method of generating protected data packets for storage in an 

electronic vehicle log comprising the steps of 
collecting data to be protected, 
collecting data representing date and time of day, 
collecting vehicle location data, 
20 retrieving vehicle identification data, 

generating an electronic signature from one or more of the collected and 
retrieved data, and 

storing the protected data packet including the data to be protected, the date 
and time of day, the vehicle location, the vehicle identification and the electronic 
25 signature. 

16. The method of claim 15 wherein said electronic signature is generated 
by performing the steps of computing a secure hash value for the packet and 
encrypting the secure hash value using the secret key of a public key encryption key 
pair. 

30 17. The method of claim 15 further comprising the steps of a user speaking 

a password for comparison with a password stored for the user. 

18. The method of claim 15 further comprising the steps of 
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storing a private encryption key, 

encrypting protected data packets for transmission using the private encryption 
key and 

transmitting the protected packet using a public key pair different from one 
5 used in generating the electronic signature. 

19. The method of claim 15 comprising the steps of 
generating event data and 

generating a further electronic signature for the event data using a public key 
pair different from one used in generating the electronic signature. 
10 20. The method of claim 15 comprising the steps of 

storing intended vehicle route data, 

comparing the collected vehicle location data with the intended vehicle route 
data and 

determining if the protected data packet is valid from the result of the 
15 comparison step. 
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• REAL TIME CLOCK (RTC) 




SENSORS (OPTIONAL): 
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• ACCELERATOR 

• TACHOMETER 
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• ETC. 



SUBSTITUTE SHEET (RULE 26) 



WO 97/13208 



PCT/US95/12459 



2/10 



8 

C\J 



Cu 
Q 



LU 
O 
<C 
Li- 
CC 
LU 

S£ 

Q O 
LU? 

CO 
O CO 

x w 

LJjO 

>o 



co co g 

LU LU O O 

DCZ-JO 
<<Oqc 




CO 



UJ O 

Q O °- ^ 

ccuj^co 

<->LX CC 0C 

DC n i — Q 
Q_cO-J OC 



5b$ 

Q- r— 
nj LU Q LU 

o2<< 

OCQCO< 

S O -r- £ 

5<5p 



O Q <C 
Q.Zf" 



LU LU O 

co cc g: *— 
>— lu 95 <co 

CO ^ D CC 

^ >- LU LU LU 
^ CD CO DC DC 



Q 
CC 
< 
O 

CD 



SUBSTITUTE SHEET (RULE 26) 



WO 97/13208 



PCT/US95/12459 



3/10 



CD 









O 




J— 




<c 




o 




CD rr 




DIN 
ION 
ERII 






>- 


cd y hi 


\— 


cc 


oy=> 


ECU 


ill 




CO 




NSIT 


LECl 
oi iti 

IME-I 


<c 


LU CC I— 


cc 




\— 


ft ft ft 



CM 
CO 
C\J 



CO 

o 

_ Q CT 

g 8 CD 2 
< LLJOO 

O co cc — ' CO 

rr lu ^_ k— r_ 
^co^^>: 



Q 



A A A A A 
A A A A A 



CO 
CM 



LU 
I 

O 



dc 
o 



2 <-o 

Z I— LJJ ^ 

LU °° LLI CC 

I Q I I — 

O — O CO 

i2io 

LU Q_ LU LU 
> O > CC 



ft 



ft 



CO 
CO 
CM 



o 



Q 

DC LU 



si 



g CO 

O Q 

<c o 



cc cc 
< < 



cc 
<c 

I 

o 

LU 
Q 



O 
LU 
DC 



dl uj iIi I — 

O < 9 ^ M O 
CD CC ^ < < DC 
CC I — = ^ "~ 

< 
o 



A A A A A 
A A A A A 



< 
> 

Q DC 

dc§: 

°< 
o 

UJ CD 
DC Z 

U_ CO 
U_ CO 

SO 

<: dc 



A A A A 
A A A A 



CC 
O 
Q- 
X 



o 

LU 

Q_ 

CO 



!gco 

■ S DC CO 
> X O CD 

o ^ — 

wO| 
ioi 




A A A A 
A A A A 



SUBSTITUTE SHEET (RULE 26) 



WO 97/13208 



PCT/US95/12459 



4/10 



<: 
o 
o 



CO 

CO 

o 

CO 



2g! 

o — 



<: 
o 



5 <t 



CD 



to 

CD 

o 

CO 



S 

CO 



CO > 
X 



< cr ^ i 
o i— Q (x 



<: 



CD 
< 
CC 



LU 
UJ Zj 

^5 



LU 
Q 



CO 
CO ^ 

£^ _J co °- 

^^^^ 



W LU X ^ g ^1 
5C2^LUMUI 

OO^oc<< 



CO 



CC 

o 

CO 
Q 



ceo 



LU--. 

co 2: 



°Ouj2 
DCO-lO 

^ < IT =3 
CC O LU OL 
OZj>0 



CO 
CO 




SUBSTITUTE SHEET (RULE 26) 



WO 97/13208 



PCT/US95/12459 



5/10 



CD 

CO Q 
LU ^ 

i"g|i 

OC — 1 O J— 
UJUJIO - 
UJOOUJO 
(— O <C 
CO <C I— 



00 
C3 




SUBSTITUTE SHEET (RULE 26) 



WO 97/13208 



PCTYUS95/12459 



6/10 



CsJ 
CO 



! PJ<_j ' 

:< ^ 



CD 
CM 
CO 

A 



CM 
CO 



CO _ u. 
— 5 CO 

h- < 



CO 

>- Q 
H- 1 co 

LU 



o 
>- 

hz uj ! 



ccO 

ZD CD 

o dc 
uj < 

COO 



:co 

LU LU 

> CO 



o 

CL 



< 

o 

CL 



CM 



L 



o 

CM 
CO 



it 



o 

i| 

cr ^ 



<Oh- 
& 

CD 

— CD 
CO <: 

. -I 

\ 8^ 

\ dc 



>- 

oc 
o 

<c 

OC CO 

>- 

CD 



3 



CO 
CM 
CO 



QO 

^IO 
^ uj CD 
<-> > DC 

o_-< 
o> 

LU Ll_ 

HO 



o 

co ! 

CO . 



— i LU 

LLJ OCT O 

<c <: ^ oc 
xlwfcu 
o <t co t= 

CO ^= 



3 



CO 
CO 



CM 
CM 
CO 



CM uj 



3 



CO 



CO 



' >- 

GO 



CM 
CO 



o 

Q CO ^ 

LJJx 
<^co 

OC O co 

O oc 25 

LU Q- 

Z£E< 
~~ O 



o 

CL. ^ 



CD 
CO 
CO 



LO 
CO 
CO 



DC 

o 



o 

oo^<:pcp 



♦CO 



55 



CL 



^ I — 

^2 



: O o_ 



O _ Q O LL 



O 
| 
OC 

o 



oc 2: 



SUBSTITUTE SHEET (RULE 26) 



qc el 

LU f— 

is 



I 



o 



< 
O 
OC 
CD 

I — 

OC 

O 

CL 
CL 

Jo?£ 

2o 



OC 



o 



I 1 

LU 5? 

tz ^ 

?i co 

O LU 

^ LL 
LU DC 
Q_ LU 

CO — 



CL 
Q 



LU 

o 

CL 



Li- ; <c 



o 




<: 








oc 




ADE 


MM, 


LU 


o 


OC 


o 


LU 


LU 


Q 


1— 


isa 


1 

1 

LU 


<£ CO 


f— 


O CL 


<£ 


oc o 


CO 



X 

<c 

OC 



o 
o 

i 

< 

ZD 

a 



WO 97/13208 



PCT/US95/12459 



7/10 



FIG. 4A 



DATA LOG CREATION 

-PROTECTION: PASSWORD 
AND/OR SPEAKER 
VERIFICATION 



433 



431 



EVL 
NON-VOLATILE 
MEMORY 

^430 



EVL UNIQUE SECRET 
KEY 



—EVL ID- 
432^ 



-VEHICLE LOCATION^ 7 



401 



-DATE & TIME- 



402 



EVL 



^403 404 
—VEHICLE SENSOR DATA-/ 
PROCESSOR & -CREDENTIALS & EVENTS^- 

DRAM |^ CARGO STATUS 

405^ 



400 



NON-VOLATILE LOG MEMORY 



PROTECTED DATA PACKET 



PROTECTED 
420 /DATA PACKET 



411 



1 



LOGGED 
INFORMATION 



DATE & TIME 



VEHICLE LOCATION 



VEHICLE ID 



ELECTRONIC 
SIGNATURE 



.420a 

.420b 
.420C 
.420d 
.420e 



-410 



PUBLIC KEY 
PAIR 



< 



PRIVATE KEY 
PUBLIC KEY 



FIG. 4B 

DRIVER 
451a 

451b 



3RD PARTY 
AUTHORITY 

452a 



452b 



OWNER-TRUSTED 
AUTHORITY 

454a 



454b 



EVL KEY 



431 



SUBSTITUTE SHEET (RULE 26) 



WO 97/13208 



PCT/US95/12459 



8/10 



CO 



O 

o 



CO 

DC 
LU 
I 

<C 

cc 



CD 
< 
O 

of 
uu 
> 
cc 

Q 



CD 
UJ 

LU 

> 

O 
ID 

KJ 

CO 
DC 
LU 
> 

O 

CO 

cc 

LU 

—J 

< 

cc 



o 



o 

LU 
Q_ 

>- 



LU 



< 
O 



LU 
O 

LU 
I 

O 

□c 

LU 

> 



< 



CO 
CO 

<c 

I 

o 



o 



DC 
=5 
O 
LU 
CO 



<cQ 

§1 

LU I— 

CU CO 
^LU 



CO 
LU 



CO 



CO 
LU 
Q 

CO 
DL 

O 
h- 

CO 

CO 
LU 



O 
oc 



o 


LU 


CD 


1— 


CC 


ZD 


<c 


O 


o 


CC 



CO 



LU 

LU 

0C 
ZD 
CO 
< 



CO 
Q 
DC 

O 
o 

LU 

OC 

CO 
LU 

< 
Q 

o 

I — 

o 

LU 

CL 

CO 



o 

I 

cc 
o 



< 

CO 



CO 
I — 

cc 
o 

Q_ 
UJ 

cc 

CO 

o 

I — 

o 

LU 
Q_ 

CO 

:co 

I — 

i A CO 

CO LU 



cc <c 

LU ^ 

cog 

cog 

LU D_ 



CO 
I 



o 

LU 

cc 
o 



CO 

o 
f— 

CO 

cc 

LU 
I— 

o 
< 

DC 

o 



EC 



CO 
ZD 
I— 

? 

CO 
I 

o 



o 

LU 



o 

DC 
O 
O 
LU 

DC 



< 
LU 



CO 
LU 



< 

o 

DC 



LU 



LU 



LU 

O 



CC 
O 



D_ 
LU 

< 

DC 
CD 



>- 
CC 

R 

CO 



CO 
ZD 

CO 

cc 



cc 
Q 



CO 

oc 

o 



SUBSTITUTE SHEET (RULE 26) 



wo 



97/13208 



PCT/US95/I2459 



O 



3§k 

H LU £=CO 
> I — I — Q- 

cc 

CL 



9Z1L 



£Sui 

Zj> 
^oc 

^co 

oc >- 
k- o 

So 



dc 



CO 

oc 

o \H 

LL Z 



o 



LU 



<C Q 2 LU 

^ ^ OC <- 
^ LTi ^ f 



si 



CO 
LU 

1 — 2 lL 

T~ LU CD LLI 

<luOlu< 
X>OCC5 



DC 
I — 
CO 

o 



cr 

60 
IS 

S CO 



.CO 
P O 



is 

co<< 
en ^ 52 

co Z5 
co£2^ 

oI^luLU 
<F->co 



i 



1 

OCO 



o 

ZD 
Q 
O 

dc 

CL LU 



DC 



DC 
LU 

> 
DC 



i § 

CO 

o 



o 
a: 

LU 
ODC^ 

^ Z3 O 
^ DC I— 

Oco< 



*1 

>- LL 

co — 



LU 

DC 



CD 



O 

LL 

oc- 



CO 

S9 Z>LU 



CO 



Sow 



ill 

DC CL < 



O 
I— 



!0 



LU^ 

CD O 



2 cC 

o 

Q_ 

DC 
LU 
> 
DC 
Q 

s 



CO 
. LU 



6£z 



QUO " isi ^ " 



15s 



oIlu: 



co lu o : 



>^co 

U n LU 

Qqlu 

CO 2: CD 

o<<c 

OQ< 
DC < 2 



LU O , 
CO OC CL 

O .VL-tn 

LU uj LL. ^ 
LL-OZ — 



o 
o 

8 

Q 
< t 



CO 

-J 



LU 
Q 
LU 

DC 
O 
LU 
O 

< 

DC 



h-zzoa-i 



: 0 -n: oc 

: _ CO Q- 



o 
o 

I 

a. 



2 
o 



■< o 

< 

"j so 
o cc^ 

LU O LU 
DC Li_ > 
°- ^ I 

> LU 

-jccj-5 

DC lu ^ g 

O LU O LU 
O CO O CD 



DC 
Q 



CO 2 

^ 5 



Q 

O 



^CO <C n" 



^r-iCC 



o 

Q- 
Q 

>- 
DC 



DC >=i <r 



Q H- DC CL 



Q 
LU 

n 

— r CD 
1— <c 
co q. 



= LU 

i° 
go 

U- DC • 

ljl-idco 
o Lu 

<C LJJ DC 
LU _| O 
DC LU LL. 



2 



DC 
O 
CL 



O 

< 
LU 

US 

ot 

^5 



<toc 
llO 

O LX- 

IS 

CJ 1 1 1 
LL DC 
h-LU 

Oh 

Z<LU 
LU O O 

SQco 



Q 
LU 

tec 

<E LU 



co o 



^5 

OQ 

LU I — . 

<C ; 

zcco 



> h- CL 
DC O =) 
QZCO 



O 

LU 

H 

DC 



CO 



LU 5? 

Qo? 

O^co 
< Zj CO 

>:0< 

CCODC 

RoO 

ZUJti- 

~= h- h- 

2<CO 

zO^ 

Z3LU 
<DC 



CO 
LU 

=> 

O 

^ LU 

^cc 
LuO 

ii 

CO LL 
LU fH 

o ~,o 

O^dL 

< H-DC 
DC OO 
h— CL LL 



DC 
O 

CL 
CO 

<c 

DC 



o 
o 

DC 



CD 

h- Z 
Z > 

LU ^ 1j 

cor 



— *«=r rr- 
CD 



DC «C 
O LLO 

hO[i 



O LU 

luQ 

COLLZ 



O^^ 

-!^co 



LU 

O 
> 
DC 
LU 
CO 



LU 



Si 

O ; 
cc 



o< 

OS 



too 

OZLU 

z<cco 



col o 

CC CC LU ^ 



SUBSTITUTE SHEET (RULE 26) 



WO 97/13208 



PCTYUS95/12459 



10/10 



o 



CO 

o 



co_yJ<p 

LU<ft< X< - 
i i i 7> 



£ccccz$ijjco 

h<zO , 

wo<o 



DC 



CO Q , 



— - -J lu < 
I i= lu ~i <c 



Qi 
coo 

QUJPOO 
^ CO ID LU 
O CO . OC CC 
DC ^ | — CL. 



CO 
Q 



5 t,. 

co5 

dc p u_ cc ^ 
<5<lljco< 



< 
cc 
h- 

CO 

O 

LU 
Q 



2 

<: 

§ co 

co o 
cog 

cc ^ 

Hi 

oo 

LU lD 

> CO 



a: 
O 



^co 
co <c 

<r ^ - — 
CC - 



:0: 
: O 



o 

go . 
dc't-j 

$cohz 
Zzcog 
giuO 

co o i 

tr9uj 
n_ co o 



Q>:g 



co O 

LU — 



LU 



— u_ 



coOcr 

^ LL. 

— oc^ 



LU O LU S — 



^ oco 



o<ch- 



GC*CO 

02 

COO 

cop: 

LU g l_ 

oo< 

TOLL 



= DC 

foi 

2 cc St 
<: Q 

in 
in* 

CO CO Q CO 



^ LU LU 
DC Q Ij 

ooo 

f— LU LU 

cpgo 
z <c 

5° 



O CO 
DC LU 

|o 

5 DC 

^ a. 



o 

ID 
O 

o 
oc 

CL>LLj 
CC CO 

25 



8 



o 



o 

CO LU 
Q O 

s < 

oZXlu 

SrOLUQC 
»— b CO 

> O ^ CO 



2 



o 



> lu tr 

LU >- q 
LU CO 
Q.2-UJ 



— - lu r*\ 
^ Q o 

Oocg 

S — o 
Occlu 

2 Q DC 



LU 

>- . — I 
CC LU O 

o|p 
-•-< 

UJ ^ 

^co^ 



LU LU 

< CO 
CQ>- 

oE^SjCc 



cr^^<! 



• CO 



DC =J O 
QllO 



^ HI ^31 LU 
LU LU Z LU OC 

o>o>o 



Oil 

P 
CO 

co^ 

LU LU 

COLL. 

g£ 

<C LU 

cqh- 
o^ 



^|lu 

LU § O 



oo 

^ a: 
6 

Q52^ 



O-cc 
cop 



cdz: > 



o 

.cn<: 
000 

— CO ZZL 

DC CO CO 
LU LU ^ 

Q cto 



LL.CO 

Z LU 
02 
hp 



LU jjj 



o 

LU _ 
f^CO" 

LZoclu 

CD LU OC 



o 

tio 

O cc 
2: < 

LLI CC 
LU O 



So 
< z 
cop 



o: 



_ <: o 

OluZO 
Z>OS 



occcp^j^co 



O <c co 

LU O LU 

OccS 
OOm 



22cOccO 
t^h-^LU H- 

CDnrSacO 
co co coo r= 



<: 
o 

I 

Q_ 
CL 

<: 



o 
<: 

DC 
<C 
LU 

d 



LU 
O 

<C 
CC 

-J 

O LU 



CD 
< 

LU 

O 



s 



o 
o 



ujS2co 

cl.u-2 
fc-Occ 

Q_ LU 
CU Li. 
ZD<C 
COCO 



OO 

o^ 

CO LU CC 
gcdCCLU 

KLUOQC 

8-- 



^cc^fr 



, y- LU O ^ 
DC _J LL DC 

LU O OC LU 

>^LU> 

DC LLJ CU 

LU CC 
LL CC 
< < 

CO o 



< 
o 

LU 
DC 
UJ 
O 
CC 

O co 

51 

Oh- 

lTO . 
— <c ^ 

UJ LU LU 
> ^> 

zoc^ 
Q05 
h-OP 



00 

3cc 
<o 

DC CO LU 



-8 

o^° 

>gLU 

cc — ^ 

^^LUOO 

yogwzi 

- ^ m zb:LLi 
oo> 



< Q 9 
^zw, 
o<g< 
cc^o: 



OC LU nr 

g DC D_ 
OluD 

O coco 



020 

LU O CO 

co ^ 2: 

^ LU LU 

U- <C ^ — 

< LU O CC 
CO DC O O 



O 

> 
DC 
LU 

CO 



O LU 

<C CJ LU 5 CO 

^IlLjluSO 
o lu i i q cc 

U>LUU<Q- 



□ coz 
" o 



5q 

DO 

<cc 



o 

LU 
Q_ 

CO 



LL. 

COO 

O g 
OC DC 

<o 

O CC 

cpz 
ZO 
OS 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US95/12459 
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Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This international report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1. f~| Claims Noi.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



□ 



Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. Q Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention b lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 
Please See Extra Sheet. 



| Xj As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 



claims 



2. | | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

3 - i~l As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



j | No required additional search fees were timely paid by the applicant. Consequently, this international search report : 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest j"] The additional search fees were accompanied by the applicant's protest. 

1 | No protest accompanied the payment of additional search fees. 
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BOX n. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This application contains the following inventions or groups of inventions which are not so linked as to form a single 
inventive concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional 
examination fees must be paid. 

Group I, claims 1-8 and 15-20, drawn to a system of generating and maintaining a log. 

Group n, claims 9-14, drawn to a method for use by a vehicle for interacting with an in-transit facility. 

The inventions listed as Groups I and II do not relate to a single inventive concept under PCT Rule 13. 1 because, under 
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: 
Group I lacks the technical features of Group II representing its inventive concept, "communicating with the in-transit 
facility," "receiving a polling signal" from an in-transit facility, "transmitting vehicle credential data" to the facility, and 
"receiving a bypass or a stop signal." Further, Group II lacks the technical features of Group I, forming and storing 
"protected data packets." 
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